. Purpose: This study, theoretically based on the Exercise Self-Esteem Model, EXSEM, examined effects of exercise modality on physical and global self-esteem (PSE, GSE) in breast cancer survivors. The EXSEM posits GSE at the apex with PSE feeding into GSE. PSE has three subdomains: physical condition (PC), attractive body (AB), and physical strength (PS). The goals were to compare the effect of combination modality versus single-modality exercise on PSE and GSE and to explore the relationship between exercise modality and the subdomains of PSE. Methods: Survivors were randomly allocated to flexibility (F), aerobic (A), resistance (R), or aerobic plus resistance (AR), 12-wk, individualized, home-based exercise program. Pre/posttesting included submaximal treadmill test, six-repetition maximum chest press and leg press, YMCA bench press, shoulder/hip flexibility, and bioelectric impedance analysis body composition. Esteem measures were the Physical Self-Perception Profile and the Rosenberg Self-Esteem Scale. Results: Forty-two women completed the study (F = 12, A = 10, R = 9, and AR = 11). Fitness improvements congruent with exercise modality were seen in all groups. PSE and GSE outcomes did not reveal a greater effect from the combination modality program, AR, compared with the single-modality programs A and R. The relationships between the single-modality groups and the subdomains of PC, PS, and AB were supported in the R group (PS and AB increased) and were partially supported in the A group (PC, not AB, increased). Conclusions: A single-modality R program significantly improved all domains of PSE, and participation in the A program improved the PC subdomain. The combination exercise program did not enhance PSE greater than the single-modality programs. EXSEM was a useful framework for exploring esteem in breast cancer survivors.
S
uccessful treatment of breast cancer is often accompanied by long-term and late effects that diminish psychological and physical functioning and limit recovery. Physical decrements are attributed to treatment-induced factors such as postsurgical upper extremity movement disability, prematurely induced menopause, cancer-related fatigue, and sarcopenic obesity (8) . The stress of a cancer diagnosis, persistent treatment-related effects, and the uncertainty of recurrence produce psychological responses such as anxiety, depression, and lessened self-esteem (8) .
Exercise research in breast cancer survivors has focused on aerobic exercise owing to fear of inducing upper extremity lymphedema through resistance exercise. Consensus is building that avoiding resistance exercise is unwarranted primarily because of the increased use of lymph node-sparing surgical techniques, close surveillance, and the use of compression sleeves during exercise, all of which minimize the risk of developing lymphedema. In fact, exercise has been investigated as a possible treatment for lymphedema (14) .
A basic principle in exercise science is that exercise imparts specific physical benefits based on modality, i.e., aerobic exercise enhances cardiorespiratory function to a greater degree than resistance exercise does, and resistance exercise improves muscular strength greater than aerobic. The role exercise modality plays in improving psychological fitness is better described for aerobic exercise (1, 24, 26, 27 ) than for resistance exercise or combination exercise programs. The importance of psychological fitness, especially self-esteem, on quality of life in breast cancer survivors supports the extension of previous research by including resistance and combination exercise prescriptions and discerning their effects on self-esteem.
Self-esteem is defined as an individual's feeling of selfrespect and worth, without feelings of superiority to others. It includes an expectation of future personal growth and improvement (33) . This study was based on the hierarchical theory of self-esteem, The Exercise and Self-Esteem Model (EXSEM) proposed by Sonstroem and Morgan (35) . The EXSEM describes the relationship between physical activity, physical self-esteem (PSE) and global self-esteem (GSE). EXSEM posits that subdomain perceptions of PSE, i.e., physical condition (PC), physical strength (PS), and attractive body (AB), are influenced by physical activity and bolster the perception of PSE, which in turn contributes to perceptions of GSE. Figure 1 depicts these relationships and is extended to include the proposed modality-specific associations with the subdomains. With regard to esteem enhancement, Fox and Corbin (9) and Sonstroem and Morgan (35) propose that GSE is a stable trait and that measurement of exercise's effect on self-esteem is best measured at the specific domain and subdomain levels of PSE.
The goals of prescribing exercise in women are to promote health and psychological well-being (7, 23) and to reduce the risk of cardiovascular (20) , metabolic (18) , and other longterm diseases (36) . In breast cancer survivors, these goals are extended to include restoration of physiological and psychological states altered by the breast cancer experience. Exercise participation has been linked to improved self-esteem in nonbreast cancer populations (35) . In cancer survivors, aerobic exercise has been associated with increases in concepts related to PSE and GSE such as body image, self-concept, and physical self-efficacy (1, 24, 26, 27) . A variety of measurement instruments, some measuring body image rather than selfesteem, were used in these studies making cross-study comparisons regarding aerobic exercise and self-esteem difficult. The Physical Self-perception Profile (PSPP) (9), a tool designed specifically to measure exercise-related PSE, was used in this study in an effort to focus measurement on PSE related to exercise.
Hypotheses
The primary hypothesis was based on two assumptions: 1) that both aerobic and resistance exercises increase PSE and GSE and do so, as per the EXSEM, through an increase in subdomain perceptions of PC, PS, and AB; and 2) that flexibility exercise has minimal to no effect at the esteem subdomain or domain levels. Given these, it was hypothesized that the combination modality group, AR, would realize a statistically significant increase in the postintervention PSE and GSE scores when compared with the single-modality groups A and R.
The four-group design of this study also permitted the analysis of the exercise program effects on the subdomains of PSE. Thus, secondary hypotheses were as follows: (a) A-only exercise would result in a significant increase in physical self-perception scores of PC and AB; (b) R-only exercise would result in a significant increase in physical self-perception scores of PS and AB; and (c) AR exercise would result in an increase in physical self-perception scores of PC, PS, and AB (Fig. 1) .
METHODS

Participants and Setting
Participants were recruited through a National Cancer Institute-designated comprehensive cancer center, its partner and affiliate network hospitals, and community oncologists in the central New Jersey area. Institutional review board approval was obtained at all participating institutions. After the consent process, each participant received a copy of her signed informed consent. Eligible survivors were English-speaking women diagnosed with stage I-IIIB breast cancer who had completed adjuvant chemotherapy at least 3 months or radiation therapy at least 6 wk before entry and who were no more than 24 months beyond their last treatment. Hormonal therapy could be ongoing. Women were excluded if medical history or physical examination revealed evidence of anemia (hemoglobin G10 mgIdL j1 ), uncontrolled hypertension, congestive heart failure, pulmonary disease, diabetes, and thyroid or musculoskeletal disease. Additional exclusion criteria was current enrollment in a weight loss or exercise program or a positive response to any question on the Physical Activity Readiness Questionnaire, thus indicating the need for medical clearance before starting an exercise program.
Exercise Intervention
Women were assigned to one of four 12-wk home-based exercise programs: aerobic (A), resistance (R), aerobic plus resistance (AR), or flexibility (F). All participants were prescribed flexibility exercise as part of the warm-up routine in the A, R, and AR groups. In-person verbal instruction plus demonstration was used to teach participants how to do their assigned exercises. In addition, each participant received a written guidebook that included general information about exercise participation, such as clothing and safety tips, as well as their individualized exercise prescription, exercise instructions, and an exercise log sheet. The women in the aerobic group monitored their HR and were prescribed a walking exercise at 40%-65% of the calculated HR max , three times per week at 15-30 min per session, depending on their baseline fitness level; these women progressed up to an intensity of 85% of HR max and to more frequent and longer sessions as tolerated. The women in the resistance group were prescribed a Thera-Band (Hygenic Corporation, Akron, OH) that produced an RPE of 3-5 on a scale of 0-10. Women started with one set of 10-12 repetitions of the following exercises: shoulder flexion, shoulder press, latissimus pulldown, seated row, chest press, elbow press (triceps), elbow curl (biceps), hip flexion, hip extension, abdominal crunches, leg press, and squat. They performed these exercises three times per week and were progressed through more resistive bands so that their RPE rose to around seven to eight at the completion of 12 repetitions. After this initial progression, transition to new bands occurred when their RPE fell to three or lower. Women who participated in the aerobic and resistance group followed instructions similar to the aerobic and resistance only groups; however, the frequency of aerobic exercise progressed to 4-5 dIwk j1 and the resistance was maintained at two times per week.
Data Collection
Participants completed baseline documentation regarding their medical and cancer history, demographic profile, the Physical Activity Readiness Questionnaire (11) , and the Godin Leisure Time Questionnaire (12) . The Godin Leisure Time Questionnaire assesses leisure time exercise behavior in the community and has been validated for its ability to discriminate among strenuous, moderate, and light activities (12) .
Preintervention and postintervention physical fitness measures. Physical fitness testing was performed at a hospital-based fitness center. The same research assistant, blinded to participant group allocation, preformed these measurements at the preintervention and postintervention measurement time points. Aerobic fitness was measured using a submaximal graded exercise treadmill test following a modified Bruce protocol (3). Prediction of V O 2max from submaximal treadmill testing using the Bruce protocol has proven validity (r = 0.91, SEE = j2.7 mLIkg j1 Imin j1 ) when compared with other submaximal protocols (29) . Shoulder and upper extremity muscular strength and endurance were assessed through a six-repetition maximum test (21) using the chest press and seated row and for lower limb using the leg press. The one-repetition maximum, the gold standard for muscular strength, was avoided out of concern that the intense workload could cause injury on the affected side of the upper extremity. Given that the goal was to see change over time, it was deemed adequate to measure preintervention and postintervention differences of the six-repetition maximum test. Dynamic abdominal muscular endurance and upper body endurance were measured with the curl-up test (10) and the YMCA Bench Press Endurance Test (13) , respectively. Flexibility measures of hip flexion, hip backward extension, shoulder flexion, shoulder posterior elevation, and shoulder abduction were made using a goniometer. Body composition was measured using bioelectric impedance analysis (Biodynamics BIA 310; Biodynamics Corporation, Seattle, WA). Height and weight were measured without shoes using a balance beam scale (Health-O-Meter; Jarden Corporation, Rye, NY). Waist, upper, and mid and lower arm circumference measures were obtained using an inelastic tape measure.
On-study monitoring. Weekly contact via phone or e-mail provided information for documentation on exercise program adherence, the need for progression of the exercise prescription, and adverse event reporting.
Self-Report Measures
PSE. The PSPP (9) was designed to measure selfperceptions related to four subdomains of PSE, namely, PC, PS, AB, and sports competence, and one global domain of PSE. The subdomain of sport competence was not used in this study because of its lack of relevance. Each item has a fourpoint response spread. There are six items per scale, yielding a possible range of scores from 6 to 24.
The conceptualization of the PSPP is related to the EXSEM (34, 35) . The construction of the PSPP follows the methodology developed by Harter (15) , which minimizes socially desirable responses. Each item consists of two opposing statements. The participant first chooses the one that best describes her. For example, here are the opposing statements from one item of the PS subdomain scale: ''Some people feel that they are physically stronger than most people of their sex'' or ''Others feel that they lack PS compared to most others of their sex.'' Having chosen one of these statements, the participant evaluates whether the statement she has chosen is ''sort of true of me'' or ''really true of me.'' A critique of this survey tool has been that it is confusing for participants, and this results in errors during completion. To minimize errors in this study, this instrument was given to participants during the baseline and postintervention visits when support was available.
Fox and Corbin (9) reported internal consistency with Cronbach > coefficients ranging from 0.81 to 0.92 and in a study of physical activity and self-esteem in older adults. McAuley et al. (22) reported > coefficients 90.79 for all scales. In the current study, > coefficients for the subscales were 0.80 for PC, 0.84 for AB, 0.83 for PS, and 0.80 for PSE.
Construct validity for the PSPP was established by using both exploratory and confirmatory factor analyses during the development of the instrument. In addition, the subdomain of PC correlates most strongly with aerobic exercise and PS correlates most strongly with resistance exercise according to discriminant analysis (9, 22) . AB has been shown to correlate with both aerobic and resistance exercises (22) .
The PSPP had not been used in the breast cancer survivor population; however, the conceptualization and structure are pertinent to the measurement of PSE in this population. This is particularly true of the AB subscale that focuses more on exercise-related physical perceptions and less on beautyrelated physical perceptions as do some of the body image instruments that have been used in other exercise studies in this population. An example of one of the AB items is as follows: ''Some people feel that compared to most their bodies do not look in the best of shape BUT others feel that compared to most their bodies always look in excellent shape'' (9) .
GSE. The Rosenberg Self-Esteem Scale (31) was used to assess GSE. This is a widely used, one-dimensional measure of self-esteem that has been well validated in many populations. The scale is a 10-item Likert scale with items answered on a four-point scale from strongly agree (score = 1) to strongly disagree (score = 4). It is a self-report survey with a range of scores from 10 to 40. Greater scores indicate greater self-esteem. Acceptable levels of internal consistency are frequently reported with internal consistency coefficients in the range of 0.87 to 0.92 (1, 23, 31) . In this study, internal consistency was evident with a Cronbach > of 0.87.
Fatigue and mood. Participants completed the Piper Fatigue Scale (PFS) (28) and the Hospital Anxiety and Depression Scale (HADS) (38) . The HADS is a self-report rating scale of 14 items on a four-point Likert scale (range = 0-3). It is designed to measure anxiety and depression (seven items per subscale). The total score is the sum of the 14 items. A total score 911 is considered clinically significant. The PFS is a 22-item scale that, on scoring, results in a number from 0 to 10. Clinically translated, 0 = no fatigue, 1-3 = mild, 4-6 = moderate, and 7-10 = severe fatigue. A score of 4 is considered clinically significant. The PFS and the HADS are valid and reliable scales frequently used in the cancer population. Cronbach >'s in this study were 0.93 and 0.90 for the PSF and HADS, respectively.
Design
This was a prospective, randomized, controlled trial. Sample size was calculated with the intent of finding a significant difference in outcome results of PSE and GSE between the AR group and each of the single-modality groups. The sample was calculated for MANCOVA with four groups and two outcomes (PSE and GSE) based on a moderate effect size (0.50), as described by Cohen (4), of aerobic exercise on selfesteem. Given that moderate to large effect sizes have been observed in previous studies of middle-age women (23, 27) involved in exercise programs, a sample size of 25 participants per group was calculated to yield a power of 0.80 to detect a difference on the PC scale of the PSPP and the Rosenberg Self-Esteem Scale at an > G 0.05 level test.
Allocation to study group was made in accordance with a study-specific computer-generated randomization table generated by the statistical department of the cancer center and maintained by office staff in the clinical research office.
Statistical Methods
The Statistical Package for the Social Science for Windows (version 16.0; SPSS, Inc., Chicago, IL) was used for computing descriptive statistics. Participant baseline comparisons were performed using univariate ANOVA for continuous variables and W 2 analyses for categorical variables. Pairedsamples t-tests were conducted to evaluate the effect of the exercise modality on physical fitness parameter scores and to test the relationships of hypotheses (a), (b), and (c), i.e., the effect of exercise modality on the subdomains of PSE. Before computing, data were analyzed for completeness and accuracy. No influential data points were identified, and missing data were random and were handled using multiple imputations (32) . The effect size was calculated for Cohen d (4), with correlations included so as to correct for dependency among means (25) . The hypothesis regarding AR's effect on PSE and GSE compared to the A-only and R-only groups was tested using MANCOVA. In this analysis, the independent variable was the exercise modality and the dependent variables were the postintervention PSE and GSE scores from the PSPP and the Rosenberg Self-Esteem Scale, with the preintervention score used as a covariate. Preliminary checks were conducted to ensure that the assumptions of normality, linearity, homogeneity of variances, homogeneity of regression slopes, and reliability of the covariate measure were not violated.
No hypothetical relationships were posed regarding exercise modality and fatigue, anxiety, or depression. Fatigue and mood measures were included in this study because these symptoms are frequently reported as persistent effects after treatment, and previous studies have indicated that exercise attenuates these symptoms (6) . This study provided an opportunity to explore, using ANOVA, the relationship of these symptoms to exercise modality. Exercise modality was not discriminatory on these outcomes, and so the groups were collapsed into two groups based on clinically significant scores, and further analysis was done using paired-samples t-tests.
The validity of the EXSEM was investigated using a bootstrapping method to assess the indirect effects (30) of the PSPP variables on GSE. This technique generates an empirical approximation of the sampling distribution of the indirect effect statistic from the existing data by using a resampling procedure (5000 bootstrap resamples), thereby avoiding the default assumption that this statistic is normally distributed, as is assumed in other mediational model testing techniques such as the causal steps analysis of Baron and Kenny (2) . Point estimates and 95% confidence intervals (CIs) are produced for the indirect effect. Results are significant if zero is not contained in the CI. The analysis was repeated for each subdomain.
RESULTS
Participant Flow and Recruitment
Based on regional statistics, an estimated 900 breast cancer survivors were within the catchment area for this study. Study information was given to at least 314 of these women through our recruitment efforts. Of these, approximately 83 women did not meet eligibility criteria. The most common exclusion was being 92 yr from treatment completion; 10 women were (17) that proposed diminished risk of recurrence and survival benefits for those survivors who engaged in aerobic exercise. These emergent data raised practical and ethical issues regarding recruitment. Although all women were given a full exercise prescription, including aerobic exercise, at the end of their 12-wk study period, women became reluctant to enroll onto a study that did not offer a comprehensive exercise program from the start. Recruitment was therefore halted before realizing the recruitment goal.
Forty-two women completed the study; however, five of these women returned the survey data form but refused final fitness testing because of time constraints related to work and family obligations.
Adherence to the exercise prescription was calculated as a proportion of completed sessions over the total possible number of sessions in their assigned exercise program. Mean percentage scores were as follows: flexibility = 85, aerobic = 81, resistance = 91, and aerobic plus resistance = 86. Although participants were encouraged to complete their exercise log, only 50% of the participants successfully did so.
Thirteen women (24%) did not complete their assigned 12-wk program. All dropped out by week 6 except one woman who developed appendicitis after the 12-wk exercise program but before she could complete the postintervention testing. No poststudy assessments were obtained from these women. The most frequently cited reason given for discontinuing the exercise program was perceived difficulty fitting the exercise into their lives because of work and/or family responsibilities (seven women). One woman had her breast reconstruction surgery rescheduled so that completion became impossible, one did not give a reason, and one could not complete the initial fitness testing because of an elevated HR. Two women cited the need for more supervised exercise sessions because they could not maintain motivation on their own. There were adverse events reported in two women during the study. In both cases, the women developed tendinitis: one in the shoulder and the other in the foot. Both had histories of tendonitis, and both received standard treatment, i.e., rest, anti-inflammatory medication, and gentle movement. Both women resumed exercise at a lesser intensity, progressed their exercise over time, and completed the study without further incident.
Baseline Results
Physical fitness and psychosocial measures did not differ across groups at baseline (Table 1) . However, a comparison of the baseline characteristics of the 13 women who dropped out of the study and the women who completed the study revealed several statistically significant differences.
First, a significant number of the dropouts belonged to the resistance exercise group (n = 8/13). These women did not verbalize any discontent with this specific modality of exercise; their reasons for dropping out were as previously described. Of note, these women had significantly stronger muscular endurance measurements than the nondropout group.
Second, significant differences were noted in baseline levels of fatigue (t = j2.084, P = 0.003), with the dropout group perceiving a greater level of fatigue.
Third, the dropout group had a significantly higher percent of body fat when compared with the nondropout group (38% vs 33.86%). In the dropout group, 84% of the women were classified as being obese or morbidly obese, whereas in the nondropout group, 71.4% of the women fell into these two categories.
And last, baseline leisure time activity was also markedly different. Women in the completion group reported a significantly greater weekly volume of low to moderate physical activity. The range for the completion group was from no activity (value = 0) to 69. In the dropout group, however, scores ranged from 0 to 12, indicating very little general activity. Values are mean T SD or frequency counts (n). * P values from independent-sample t-tests or W 2 goodness-of-fit tests. F, flexibility group; A, aerobic group; R, resistance group; AR, aerobic plus resistance.
Outcome Results
Physical fitness outcomes. Physical fitness change scores are presented in Table 2 . The most significant findings were a gain in body fat in the F group and significant strength increases in the R group. The largest effect size for V O 2max was noted in the A group. Large effects were also observed for flexibility in response to the performance of resistance exercise (R and AR groups).
Self-esteem outcomes. The primary hypothesis that being in the AR group (combination of A plus R exercise) would result in significantly greater PSE and GSE postintervention scores when compared with the PSE and GSE scores of the single-modality groups A and R was not supported in this study. There were no significant differences between these groups on postintervention scores for either PSE or GSE (F 3,38 = 1.059, P = 0.378 and F 3,38 = 2.83, P = 0.052, respectively). However, within-group changes related to the secondary hypotheses were observed, and these are presented in Table 3 . Recall that A was hypothesized to increase PC and AB and that R was hypothesized to increase PS and AB. Large effects and significant increases were observed in the A group for PC but not for AB. In the R group, large effects and significant increases in subdomains PS and AB were observed as hypothesized. Moreover, in the R group, there was a statistically significant increase in PSE.
Mood and fatigue outcomes. Fatigue and anxiety/ depression scores decreased significantly over time (t = 5.36, P = 0.000 and t = 3.88, P = 0.001, respectively; Table 2 ) but only in those individuals who, at baseline, scored above the threshold of clinical significance on the HADS (score Q11) and PFS (score Q4).
Hierarchical theory of self-esteem model testing. PSE was tested to see if it mediated the effect of the subdomains of PC, PS, and AB on GSE. PSE did mediate the effect of PC and PS on GSE. It did not do so for AB (Table 4) .
DISCUSSION
The purpose of this study was to explore the relationship between exercise modality and esteem perceptions in breast cancer survivors. It was innovative in that it was guided by the EXSEM to investigate PSE development relative to exercise modality in breast cancer survivors. In particular, previous studies have not captured the perceptual PSE response to resistance-only exercise, nor have they compared the development of PSE and GSE responses to different exercise programs.
The first theoretical associations to discuss concern EXSEM's underlying assertion that exercise modality specifies changes in the self-perception subdomains of PC, PS, and AB (Fig. 1) . Previous reports (9, 22) have validated, using the PSPP, subdomain and exercise modality associations, i.e., that aerobic exercise fosters increased perceptions of PC and resistance exercise leads to increased perceptions of PS and that AB is associated with aerobic exercise in females and resistance exercise in males. In the current study, these associations held true for PC and PS. However, contrary to previous reports, aerobic exercise did not have an effect on AB, but resistance exercise did. McAuley et al. (22) observed an increase in AB in a group of older adults who engaged in aerobic exercise for a period of 6 months. This perceptual change was highly correlated with weight loss. In college-age students, AB was associated with aerobic exercise for females and resistance training for males (9) . Again, it was postulated that weight loss mediated this relationship in females. In males, it was attributed to increased muscular development. Previous studies were done when being thin was desirable for females (this persists) but being muscular was valued more by men than by women. Now, a more muscular physique is in vogue for both men and women. The media is awash with images of fitness represented by active and fit individuals of both sexes, with the definitive musculature achieved with resistance training. After 12 wk of the progressive resistance program in the R group, the women not only increased their PS objectively but also felt more attractive as a result. AB perception seems to be responsive to both body fat loss and an increase in muscle tone and to be related to gender-determined and socially determined attributes of attractiveness.
The hypothesis that the combination program, AR, would produce increases in the higher domains of PSE and GSE more so than the single-modality exercise programs did not hold true. It was thought that these higher domain increases would be driven by the accumulation of increases in all three subdomains. However, there were no significant changes in the subdomain perceptions in this group, and consistent with the hierarchical structure of the EXSEM, nor were there any increases in PSE or GSE. On the basis of the findings in the single-modality groups, we have support that aerobic exercise increased PC and resistance, PS, but when combined into a comprehensive exercise program, these relationships were not observed. Objectively, aerobic exercise induced a nonsignificant increase in V O 2max comparable to that seen in the A group. Resistance exercise produced a significant increase in muscular strength and endurance but quantitatively less than was seen in the R group. Why, when we have an increase in fitness measures in all groups, do we see a discrepancy between the AR group and the A-only and R-only groups related to the perceptual change in subdomain esteem scores? It may be related to participant adherence or a selfreporting bias or to a lack of self-efficacy regarding the ability to carry out the AR exercise program.
Women in the AR group completed, on average, 85% of their exercise sessions by self-report. Self-report logs are inherently subject to overreporting and underreporting bias as participants strive to report what they believe the researcher expects to see or to report what reflects positively on their own abilities, knowledge, beliefs, or opinions (5). The logs may also have been completed ''in one sitting'' by recalling past exercise sessions. Cognitive psychologists have warned that the human memory is fallible, and thus, the reliability of recalled self-reported data is tenuous. In an effort to avoid this bias, this study was designed to include the use of an HR meter/pedometer, with memory, to obtain objective data regarding the aerobic exercise sessions. Two models were tried (Freestyle Ergo-touch/Pulsei Pedometer and Mark of Fitness MF-180), but both were difficult for participants to use. Readings fluctuated randomly and were so distracting to the participants that their use was abandoned, and manual pulse rate monitoring and RPE were used to assess exercise intensity. Without objective recorded data, it is impossible to ensure that the exercise prescription was followed. Moreover, without supervision, it is not unreasonable to assume that the intensity or frequency of the aerobic exercise was lower than prescribed. We must consider that the AR prescription required exercise at a minimum of 6 dIwk j1 , which is higher than the 3-5 d for the A-only group and 3 d for the R-only group. During weekly contact calls, participants reported a lack of self-efficacy in incorporating and sustaining the whole program. Women were encouraged to do their best, and the resultant increase in V O 2 and muscular strength lends credence to their participation. Given that, we would have expected a change in the subdomains of PS or at least in PC as the V O 2 change could be related to the resistance exercise (16) . Perhaps the strength increase that was observed simply did not reach a threshold level necessary for translation into a perceptual change in the PS subdomain. Or perhaps, the response was attenuated by another factor. McAuley et al., in a study of middle-age men and women, used hierarchical regression analyses to explore the relationship between changes in V O 2, body composition, efficacy and exercise frequency on PSE (23) . They found that exercise frequency failed to contribute to the variation in PSE scores and that self-efficacy was an independent predictor of changes in PSE. This may hold true for breast cancer survivors as well. Exploring the threshold levels for the transference of physical fitness improvements into perceptual esteem changes and the role of self-efficacy in PSE evolution in breast cancer survivors requires further study. For example, in an attempt to improve PSE and possibly adherence to exercise as well, we might investigate scaling back on the aerobic exercise in a comprehensive program and increase the resistance component. Had the resistance component been equalized in this study, i.e., the AR group did a little less aerobic and three sessions per week of resistance like the R group did, then perhaps the esteem scores would have increased in the AR group as well. In addition, the participants may have felt less overwhelmed. Sequential programming guided by psychological response as well as physical response is another permutation that needs to be explored. Using PSE and exercise selfefficacy assessments along with physical fitness testing may better inform the exercise prescription.
Another area requiring further study concerns the profile of women who dropped out of this study. There were significant differences noted between the dropout group and those women who remained on study. Of the 13 women who dropped out, 8 were in the resistance-only exercise group. At baseline, these women had a significantly higher percentage of fatigue, body fat, and body mass index, and all could be categorized as obese or morbidly obese. They exhibited very low cardiorespiratory fitness and very low levels of baseline physical activity. Although not significantly different, they were more likely to have had stage III disease at diagnosis and therefore may have received more extensive treatment. Kim et al. (19) reported a similar individual profile in the dropouts in their study of breast cancer patients undergoing adjuvant treatment.
The profile of obesity, low cardiorespiratory fitness, low activity level, and persistent fatigue would make any exercise difficult at best. Randomization to the resistance arm may have been demotivating for these women in light of the fact that they scored high on baseline muscular strength. It may be that these women felt little benefit and minimally challenged because they were already strong. A frequent reason for referral into the exercise program was weight reduction, and it may be that these women expected their efforts in the resistance program would not result in goal achievement for them. Relatedness and expectancy beliefs have been shown to be linked to adherence and dropout behavior (33, 37) . It is unclear whether an aerobic-based program would have facilitated increased adherence or whether a supervised program would have been more successful. One woman reported that the only way she could have completed the exercise program was if someone came to her house on a daily basis and led her through her exercises. This supports the contention that breast cancer survivors are generally extrinsically motivated to exercise. The profile thus described puts these women at high risk for recurrence of their breast cancer, for the development of metabolic disease syndromes such as diabetes and coronary heart disease, and for diminished musculoskeletal and psychological fitness. This is a strong argument for focusing future research efforts on determining how best to meet the particular needs associated with improving the fitness of this subset of breast cancer survivors.
The significant decrease in fatigue and anxiety/depression observed in participants who, at baseline, scored at or above the predetermined thresholds of clinical significance is congruent with the results reported in two recently completed meta-analyses done by Rethorst, Landers, and Wipfli on exercise's effect on depression and anxiety (30a). The evidence that exercise attenuates fatigue during and after treatment has been accumulating for years (6) . The underlying mechanism by which exercise exerts these effects has yet to be determined. Moreover, it remains unclear if there is a doseresponse or what role, if any, exercise modality plays. We did not see a differential effect due to modality, only to symptom intensity. Although mechanistic understanding is an area for further exploration, there is support for the application of exercise as a valuable adjunct in the treatment of anxiety, depression, and fatigue.
The EXSEM proved to be a useful framework for investigating the change in perceptions of PC, PS, AB, and PSE in response to exercise. PC and PS perceptions were clearly aligned with participation in aerobic and resistance exercises, respectively, and as per this analysis, work through a broader concept of PSE to influence GSE. The subscale of AB, however, seems to be more diffuse. It is likely that this subscale is influenced by other factors and that this concept is sensitive to societal interpretations of attractiveness and thus more vulnerable to conceptual evolution. It may be that increases in feelings of attractiveness, even when they emanate from exercise participation, are distributed to facets of self-esteem other than PSE.
Limitations. This study enrolled a convenience sample that was primarily obtained by self-referral. The small sample size limits the generalization of these findings and is further restricted to breast cancer survivors who are within 2 yr of completing treatment.
Attrition and contamination are common threats to internal validity in exercise studies. There is no evidence that contamination occurred in this study. The 24% attrition rate in this study is less than the 45% dropout rates seen in general population exercise programs (37) and comparable to those rates seen in cancer-related exercise studies that average 24% (range = 8%-45%) (19) .
Summary. In summary, this study adds to the growing body of knowledge that exercise participation by breast cancer survivors results in improved physical fitness. This study also provides evidence for the physiological and psychological benefits of resistance exercise in breast cancer survivors. By isolating exercise modality, it was revealed that engaging in single-modality aerobic and resistance exercise programs selectively influences PSE perceptions as proposed by the EXSEM. Resistance exercise proved to be a more potent catalyst for PSE development as evidenced by the significant effect realized at all three subdomain levels, and at the PSE level, in as little as 12 wk. In contrast, participation in combined modality programs may stimulate other factors that attenuate or moderate the evolution of PSE.
We can apply the findings of this study to exercise programming in breast cancer survivors. First, women who profile as being morbidly obese, fatigued, and with low selfesteem are at risk for failing and have more intense supportive needs, suggesting that, at least initially, supervised exercise may be necessary for this group. Second, for the remainder of women, a sequential program consisting of resistance plus flexibility first, followed by the addition of aerobic exercise, may enhance the development of PSE and improve adherence and long-term maintenance. This warrants further study. And last, consideration should be given to including PSE measures with physical fitness testing because this may reveal unintended and obstructive psychological responses to exercise and inform the progression of the prescription.
